Abstract. The article deals with the rod model for the analysis of stressstrain state of rod structures. Analytical solutions are obtained by the operating method. It is assumed that the rod elements can have variables along their axis of physicals characteristics. External loads can also vary along the axes. Calculation formulas are suitable for loads distributed according to an arbitrary law. Unlike the finite element method, defining matrices are formed after obtaining an expression, allowing to calculate the nodal forces through nodal displacements. Examples are given to demonstrate the accuracy of the obtained expressions.
Introduction
For systems of any kind it is true that the disruption of the systems is possible in case of violation of the connectivity of their structures. The system cannot perform its functions when there is no interaction between all or at least vital (key) elements. It is obvious that there is a need to develop analytical and numerical methods for calculating the loaded structural construction systems that can describe their stress-strain state during transients initiated by sudden external influences or internal structural changes. Therefore, we propose a variant of the mathematical model of the rod with arbitrary signs of the distribution of stiffness and density along the axis, which do not contain internal degrees of freedom and its state in any section is determined by the movements of the boundary nodes.
Construction of a mathematical model
Take the Cartesian coordinate system x, y, z where x is the longitudinal (axial) coordinate, y, z are the main Central axis of inertia. We assume that the x, y, z axes are combined with the orts of the natural trihedron (Frenet trihedron [6] ) t, n, b (tangent, normal, binormal). It is assumed that the deformation of the rod is small in accordance with the operating conditions and Bernoulli hypotheses can be used [7, 8] . It is recommended to see the following works [9, 10] .
A condition that allows to construct a FE model of the rod system is the presence of an expression that allows to calculate the nodal forces through nodal displacements. This is presented in [10] [11] [12] [13] [14] [15] .
Here q F is the vector of nodal forces equivalent to the distributed load, V -this is the matrix of influence of initial parameters, built on the basis of the analytical solution of the equations of state. [10] [11] [12] [13] [14] [15] The influence matrix is a property of the rod that does not depend either on external loads or on the conditions of fastening the rod. We combine nodal moments and forces into a vector of nodal force factors:
Similarly we proceed with the displacements of the ends of the rod. We obtain the vector of nodal displacements:
Then (1) can be written compactly:
where we have introduced the stiffness matrix of the rod:
and the vector of nodal loads from external loads on the rod:
Expression (4) by forms, like the analogous FEM equation in the form of the displacement approach. Using the terminology of FEM (MSE), the result is an expression for one structural element of the system -the continuum superelement of the rod (KSER). Its initial relations do not contain internal degrees of freedom and its state in any section is determined by the displacements of the boundary nodes. He models an element of the subsystem -one rod.
Verification of the obtained relationships
The correctness of mathematical modeling made in the formulation of the relations (1) is confirmed by constructing the calculation formulas for dimensionless components of the state under static loading of the rod (Fig. 1) 
;
Dimensionless longitudinal external force and external bending moment: Fig. 2, 3 shows graphs of changes by the length of the rod dimensionless factors. To match the scales in the graphs of dimensionless displacements and longitudinal and transverse forces, the parameter p -dimensionless longitudinal force -was taken to be 0.05; the parameter f y was taken to be one. From Fig. 1-3 it can be seen that both the force and kinematic conditions are satisfied (which, however, is obvious from the calculation formulas). Thus, at least for statics, the formula (1) is satisfied.
To check the correctness of the same formula in the dynamic calculation, a dynamic stiffness matrix was constructed and a homogeneous dynamic problem (on free vibrations of the rod) under different boundary conditions was considered. Frequency equations representing the dependence of the main determinant of the stiffness matrix with imposed kinematic conditions from dimensionless quantities were compared k ten , k tor , , 
Conditions of fastening
The frequency equation
